The objective was to evaluate the effects of an extended withdrawal period after feeding the β-adrenergic agonist zilpaterol hydrochloride (ZH) for 20 d at the end of the feeding period. Three hundred eighty-four crossbred beef steers were blocked by BW and randomly allocated into 64 pens (6 steers/pen). Pens were assigned to treatments in a 2 × 4 factorial arrangement in a randomized complete block design. Main effects were the addition of 0 (control) or 8.3 mg/ kg of ZH (DM basis) to the finishing diet for 20 d before estimated average slaughter date and paired withdrawal periods of 3, 10, 17, or 24 d before slaughter. Individual BW were measured initially, 1 d before ZH feeding, and 1 d before slaughter. The ZH feeding period was initiated so that control cattle in the 3-d withdrawal group would be expected to average 65% USDA Choice Quality grade and have 1.27 cm of 12th-rib fat based on visual appraisal. Carcass data were collected at slaughter. For the 3-d withdrawal steers, 2 steers from each pen were selected to determine visceral organ and total offal mass at slaughter. The ZH × withdrawal day interaction was not significant (P > 0.10) for the majority of variables. There was no difference (P ≥ 0.12) due to ZH feeding for final BW, carcass-adjusted final BW, or ADG. However, DMI was decreased (P = 0.02) and G:F increased (P = 0.01) in steers fed ZH vs. control steers. As day after withdrawal of ZH increased, there was a linear increase (P < 0.001) in final BW and carcass-adjusted final BW, but a linear decrease (P < 0.001) in ADG over the finishing period and over the ZH plus withdrawal period. Overall, HCW was 380 and 369 kg (P < 0.001) for ZH and control steers, respectively. However, the difference between ZH and control was 14, 17, 5, and 6 kg with 3, 10, 17, and 24 d withdrawal, respectively (ZH × withdrawal day, P = 0.09). Feeding ZH increased dressing percentage (65.8 vs. 64.6%; P < 0.001) and LM area (94.8 vs. 89.7 cm 2 ; P < 0.001), and decreased calculated yield grade (2.69 vs. 2.91; P = 0.03) and percentage of cattle grading USDA Choice (31.1 vs. 42.3%; P = 0.03) compared with controls. Small intestinal mass (g/kg of empty BW) was greater (P = 0.03) for steers fed ZH compared with controls. There were no other differences (P ≥ 0.11) in mass of body components, expressed in kilograms or as a fraction of empty BW. In this experiment, improvements in animal performance and HCW due to feeding ZH were generally maintained when withdrawal was extended through 10 d.
INTRODUCTION
β-Adrenergic agonists (β-AA) fed to cattle near the end of the finishing period alter deposition of body tissues toward increased protein and decreased fat in the carcass (Leheska et al., 2009 ) during a time when the maturity of the animal is geared toward increased fat deposition . Zilpaterol hydrochloride (ZH) is a β-AA that has been shown to be effective for increasing rate of BW gain, G:F, and carcass leanness of feedlot cattle (Vasconcelos et al., 2008; Montgomery et al., 2009a,b) . Zilpaterol hydrochloride, recently approved for use in the United States, may be fed to cattle for 20 to 40 d at the end of the finishing period followed by a preslaughter withdrawal time of 3 d (FDA, 2006) . No data are available on the efficacy of ZH withdrawal beyond a 3-to 5-d withdrawal period.
The objective of this experiment was to determine the effects of withdrawing ZH for 3, 10, 17, and 24 d after feeding ZH for 20 d on feedlot performance and carcass traits in yearling steers. In our previous experiments (Montgomery et al., 2009a,b) , gain in HCW was greater than BW gain when ZH was fed. We hypothesized that increased HCW gain compared with BW gain is due to decreased gut fill or the mobilization of substrate from tissues of the portal-drained viscera in support of carcass lean deposition. Therefore, an additional objective of this experiment was to determine the relative mass of both carcass and noncarcass tissues of steers after being fed ZH for 20 d with a 3-d withdrawal period.
MATERIALS AND METHODS
All animals were cared for in a humane manner at all times, and this experiment was approved by the Oklahoma State University Animal Care and Use Committee.
Cattle
Five hundred thirty-four British and British × Continental steer and bull calves (average initial BW = 284 ± 21 kg) were delivered (6 loads) to the Oklahoma State University Willard Sparks Beef Research Center (Stillwater, OK) from auction markets in Florida, Missouri, Oklahoma, and Texas during November and December 2006 . Approximately 1 h after arrival, calves were individually weighed and identified with a sequentially numbered ear tag and put in pens (n = 20 to 24 calves/pen; 12.2 × 30.5 m with 12.2 m of linear bunk space). Calves were maintained on long-stemmed prairie hay until initial processing, which occurred from 1 to 5 d after arrival. Initial processing included vaccinating against viral pathogens (Vista 5 SQ, Intervet/ Schering-Plough, DeSoto, KS) and clostridial organisms (Vision 7 with Spur, Intervet/Schering-Plough), deworming (Safeguard, Intervet/Schering-Plough and Ivomec Pour-On, Merial, Duluth, GA), and implanting with zeranol (Ralgro, Intervet/Schering-Plough). Bulls were surgically castrated, and horns were tipped as needed. Steers were revaccinated (Vista 5 SQ, Intervet/Schering-Plough) on d 11. Steers were adapted to an 88% concentrate diet over a 21-d period, at which time steers were program-fed to gain 1.13 kg/d (NRC, 2000) for 60 to 78 d.
Each morning, steers were evaluated for signs of bovine respiratory disease by trained personnel. Signs of disease included depression, lack of fill compared with pen mates, altered gait, and nasal or ocular discharge. Any calf exhibiting one or more of these signs was assigned a severity score from 1 (mild) to 4 (moribund) and pulled to the chute for further evaluation, which included recording rectal temperature (GLA, M-500, GLA Electronics, San Luis Obispo, CA). Steers with a severity score of 1 or 2 were administered antimicrobials only when the rectal temperature was ≥40.0°C, and steers with a severity score of 3 or 4 were treated regardless of rectal temperature. Steers were treated with antimicrobials according to a standard feedlot protocol that included tulathromycin (1.1 mL/45.4 kg of BW; Draxxin, Pfizer Animal Health, Exton, NY) initially, followed by florfenicol (6.0 mL/45.4 kg of BW; Nuflor, Intervet/Schering-Plough) for a second treatment, and 2 doses of ceftiofur 48 h apart (2.0 mL/45.4 kg of BW; Excenel, Intervet/Schering-Plough) for a third treatment.
Experiment
After the preconditioning/growing period (60 to 78 d), steers were weighed on 2 consecutive mornings before feeding and reimplanted (second day) with Revalor S (120 mg of trenbolone acetate and 24 mg of estradiol; Intervet/Schering-Plough). Steers were visually evaluated for quality, lameness, and other health-related problems. United States Department of Agriculture guidelines (USDA, 2000) were used to select medium and large frame, number 1 and 2 steers that presented no defects or health problems based on visual assessment. From this group, animals were excluded on the basis of BW to minimize BW variation. Of the 534 calves originally received, 384 (BW = 356 ± 23.3 kg) were used in the experiment. Steers were separated into 2 BW blocks and randomly assigned to pens (32 pens per block; 6 steers/pen) using a computer-generated schedule. Within block, pens were similarly assigned to treatments. A 2 × 4 factorial arrangement of treatments was used. Main effects were the addition of 0 or 8.3 mg/kg (100% DM basis) ZH (Zilmax, Intervet/ Schering-Plough) fed for 20 d at the end of the feeding period and paired withdrawal periods of 3, 10, 17, or 24 d before slaughter. Withdrawal groups with and without ZH were weighed off the study and slaughtered on common days. During the study, animals were housed in partially covered drylot pens. Two separate banks of 32 pens each housed the BW blocks in different locations in the research facility. Pens were 4.57 m × 15.24 m with a 4.57 m concrete apron extending from the bunk. The feed bunks and concrete aprons were covered by a metal awning. Pens provided approximately 11.61 m 2 of pen space and 76.2 cm of bunk space per animal. Animals were exposed to ambient environmental conditions. During the study, animals were allowed ad libitum access to water via an automatic waterer unit located along the fence line and shared between 2 adjacent pens.
Animals were initially fed 2% (as-fed) of initial BW a 75% concentrate diet and were adapted to a final finishing diet (control diet; Table 1) over 16 d, feeding the 75% and an 85% concentrate diet for 7 d each. Initially, intake was limited to 2.3, 2.5, 2.7, and 2.9 times the NE m during d 1 to 7, 8 to 14, 15 to 21, and 22 to 28, respectively. For the remainder of the feeding period, bunks were managed such that less than 0.45 kg/ steer remained at 0630 h the following morning. Animal Zilpaterol withdrawal, performance, and carcass (pen) intake was challenged every 3 d by increasing feed delivery 0.23 kg/steer. The final finishing diet was formulated to meet or exceed NRC (2000) requirements and contained monensin and tylosin (Elanco Animal Health, Greenfield, IN; 33 and 10 mg/kg, respectively, on a 90% DM basis). The final diet fed to the ZH pens was identical to the control, with the exclusion of monensin and tylosin and the addition of ZH (Table  1) . For both diets, all pharmaceuticals were contained in the respective pelleted supplements mixed at the Oklahoma State University Feed Mill. Throughout the experiment feed was mixed and delivered twice daily (beginning at 0700 and 1300 h, respectively) using a Roto-Mix 184-8 mixer wagon (Roto-Mix, Dodge City, KS). Before and during ZH feeding (as well as during the withdrawal period), the order of feed delivery for the facility was kept constant. All control pens were fed first, followed by pens of cattle fed ZH. After mixing the ZH diet, a minimum of 1 batch of the same control finishing diet was mixed and fed to animals not enrolled in this experiment to prevent ZH carryover in the mixer when the control diet was mixed for the next feeding. Samples collected from a mixer test after this clean-out protocol before the initiation of the experiment revealed no carryover of ZH.
During the initial phase of the feeding period (before ZH feeding) and during the withdrawal periods, diet samples were collected weekly from the feed bunks and composited within diet and within period between weigh days. Composited samples were analyzed for DM, CP, ADF and NDF fractions, calcium, phosphorus, magnesium, and potassium (Servi-Tech Laboratories, Dodge City, KS). Daily during the ZH feeding period, diet samples were collected from control and ZH pens. These samples were composited weekly and analyzed for ZH concentration (Intervet Pharmaceutical Laboratory, Lawrence, KS) and nutrient composition as above. Orts were collected the mornings of weigh days and as needed due to inclement weather or decrease in feed quality. Samples were dried (60°C for 48 h) for determination of pen DMI.
Cattle were observed at least once daily during the experiment, and the presence of any abnormal condition was recorded. Animals with injury, disease, appetence problems, or other conditions deemed unacceptable or inconsistent with the study objectives were removed from the experiment. All steers were weighed by pen before the morning feeding using a platform scale on d 56, and animals were weighed individually the day before the ZH feeding period (d 94 or 122 for heavy and light BW blocks, respectively). One day before slaughter, animals were again weighed individually in the morning before feeding. Animals were loaded in the evening and shipped 431 km to a commercial abbatoir for slaughter the next morning. For the 3-d withdrawal steers only, 2 steers from each pen assigned to the control and ZH treatments were selected for intensive sampling at slaughter. Animals whose final BW was closest to the pen average were selected. Similar to the description above, these animals were loaded in the evening and hauled less than 5 km to the Oklahoma State University Food and Agricultural Products Center for slaughter the next morning using procedures described by Hersom et al. (2004) . Briefly, steers were stunned with a captive bolt and exsanguinated. Blood, hooves and ears, hide, head, heart and lungs, kidneys, gastrointestinal tract (GIT; reticulorumen, omasum, abomasum, and small and large intestines), omental fat and mesenteric fat trimmed from GIT organs, pancreas, spleen, liver, hot carcass, and carcass trim were weighed. Livers were also scored for the presence of abscesses. The reticulorumen, omasum, and abomasum were cut open, and contents were removed and rinsed from the organs before weighing. Additionally intestinal contents were removed by gently squeezing contents through the organs. Mass of total splanchnic tissues (TST) was calculated as the sum of the masses of the GIT, liver, spleen, pancreas, and omental/mesenteric fat. Total offal mass was calculated as the sum of blood, hooves and ears, hide, head, heart and lungs, kidneys, Pelleted supplement contained the following (DM basis): 44.73% ground corn, 15.68% wheat middlings, 28.89% limestone, 5.33% salt, 2.22% magnesium oxide, 0.07% manganous oxide, 2.44% potassium chloride, 0.13% zinc sulfate, 0.07% vitamin A (30,000 IU/g), 0.05% vitamin E (50%), and 0.39% ZH premix (Intervet).
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All values are from laboratory analyses and are presented on a 100% DM basis (except DM).
7
Determined from the average of 3 samples (approximately 20 kg; collected June 18, 2007) dispensed from a Roto-Mix 184-8 mixer (Roto-Mix, Dodge City, KS) after 25, 50, and 75% of the batch had been fed. From the large samples, 4 subsamples were analyzed for ZH content (Intervet Pharmaceutical Laboratory, Lawrence, KS).
carcass trim, and TST. Empty BW (EBW) was calculated as the sum of HCW and total offal mass.
At the commercial abbatoir, HCW and liver abscess scores were collected at slaughter. After chilling for a similar time at both locations, carcasses were ribbed at the 12th rib, and USDA Quality and Yield grades and carcass traits were recorded (USDA, 1997). Carcasses were evaluated for skeletal maturity, lean maturity, overall maturity, marbling score, lean color, fat thickness at the 12th rib, LM area, percentage of KPH, and the incidence of dark-cutting beef (USDA, 1997). Dressing percent and yield grades were calculated. Carcass data was collected by trained individuals from Oklahoma State University.
Statistics
Feedlot performance data and carcass traits were analyzed using a 2 (ZH treatment) × 4 (days of withdrawal) factorial arrangement of treatments in a randomized complete block design, where a pen of steers was the experimental unit. There were 2 blocks for each of the 8 treatments. Carcass-adjusted final BW was calculated as HCW/average dressing percent for all steers in each treatment. Carcass-adjusted ADG and G:F were calculated from carcass-adjusted final BW. Data for the 2 × 4 factorial were analyzed according to Steel and Torrie (1980) , and least squares means were calculated using the MIXED procedure (SAS Inst. Inc., Cary, NC). Fixed effects in the model included ZH, withdrawal day, and the ZH × withdrawal day interaction. Block was included as a random effect. Categorical data (USDA Quality and Yield grades, and liver abscesses) were analyzed using the GLIMMIX procedure of SAS on a pen basis as binomial proportions using the same model as for continuous variables. Linear, quadratic, and cubic effects of day of withdrawal from ZH were tested using orthogonal contrasts.
Body component mass was analyzed as a randomized complete block design using the MIXED procedure of SAS. Pen served as the experimental unit. Mass of body components was expressed in kilograms and grams per kilogram of EBW. Results are discussed as significant if P ≤ 0.05 and as tendencies if P > 0.05 to P ≤ 0.10.
RESULTS
Six steers (1 heavy block, 5 light block) and 1 identified bull (light block; control, 10-d withdrawal) were removed from the experiment. Four of these animals were removed before feeding ZH, and 3 were removed during or after the ZH feeding period. Steers were removed due to injury (control, 3-d withdrawal n = 2; ZH, 17-d withdrawal, n = 1; ZH, 24-d withdrawal, n = 1), poor performance (control, 10-d withdrawal, n = 1), or bloat followed by poor performance (ZH, 3-d withdrawal, n = 1). An additional 6 animals were removed from the carcass data analyses due to unexplained excessive trim at the packing plant. These animals were from treatments: ZH 3-d withdrawal, n = 1; ZH, 17-d withdrawal, n = 3; control 3-d withdrawal, n = 1; and control 17-d withdrawal, n = 1. No animals died during the experiment.
Performance
For data collected before feeding ZH, there was a ZH × withdrawal day interaction (P < 0.001) for DMI (data not shown). This interaction resulted from steers on the ZH, 10-d withdrawal treatment having greater DMI than control, 10-d withdrawal steers, whereas steers on the control, 17-d withdrawal treatment had greater DMI than ZH, 17-d withdrawal steers before feeding ZH. No other interactions or main effects (P > 0.10) were observed for performance response variables before feeding ZH.
Because interactions were not observed (P > 0.10) for the majority of performance response variables during ZH feeding and withdrawal for overall performance data, main effects of ZH and day of withdrawal are shown in Table 2 . Final and carcass-adjusted final BW were not affected (P ≥ 0.14) by feeding ZH, but increased linearly (P < 0.001) as day after withdrawal of ZH increased. Although ADG during the ZH feeding period was not affected (P = 0.12), carcass-adjusted ADG was increased (P = 0.03) by 11.4% when ZH was fed. In addition, there was a ZH × day of withdrawal interaction (P = 0.04) for carcass-adjusted ADG during the ZH feeding period (data not shown). The difference in carcass-adjusted ADG between ZH and control cattle was 0.47, −0.06, 0.22, and −0.02 kg/d on withdrawal d 3, 10, 17, and 24, respectively. Dry matter intake (P = 0.02) was decreased when ZH was fed. There tended to be a ZH × day of withdrawal interaction for G:F (P = 0.06). This resulted because G:F was greater for control steers (0.142 ± 0.016) compared with steers fed ZH (0.137 ± 0.016) for the 10-d withdrawal treatment, whereas G:F was similar for control (0.132 ± 0.016) and ZH (0.135 ± 0.016) steers for the 24-d withdrawal treatment. For the 3-(0.144 ± 0.016 vs. 0.187 ± 0.016) and 17-d (0.122 ± 0.016 vs. 0.154 ± 0.016) withdrawal treatments, G:F was increased when control vs. ZH was fed, respectively. Carcass adjusted G:F was 0.143 ± 0.018 vs. 0.202 ± 0.018, 0.142 ± 0.018 vs. 0.137 ± 0.018, 0.124 ± 0.018 vs. 0.156 ± 0.018, and 0.132 ± 0.018 vs. 0.133 ± 0.018 for control vs. ZH steers for 3-, 10-, 17-, and 24-d withdrawal of ZH, respectively.
Average daily gain (P = 0.004), carcass-adjusted ADG (P < 0.001), G:F (P < 0.001), and carcass-adjusted G:F (P < 0.001) decreased linearly as day after withdrawal of ZH increased (Table 2 ). There was a quadratic increase (P = 0.03) in DMI as day of withdrawal after the ZH feeding period increased and was greatest for steers on the 10-d withdrawal treatment.
When performance was calculated for the overall finishing period (d 0 to slaughter), ADG and DMI were not affected (P ≥ 0.21) by feeding ZH (Table 2) . However, carcass-adjusted ADG tended (P = 0.09) to be Zilpaterol withdrawal, performance, and carcass greater (2.6%) for steers fed ZH. Similar to the pre-ZH feeding period, there was a ZH × withdrawal day interaction (P = 0.007) for DMI. This interaction resulted from steers on the control, 17-d withdrawal treatment having greater DMI (10.01 ± 0.18 kg/d) than ZH, 17-d withdrawal steers (9.18 ± 0.18 kg/d). Control and ZH steers consumed similar (P ≥ 0.26) amounts of DM across the 3-(9.62 ± 0.18 vs. 9.54 ± 0.18), 10-(9.70 ± 0.18 vs. 9.56 ± 0.18), and 24-d (9.53 ± 0.18 vs. 9.68 ± 0.18) withdrawal treatments. When ZH was fed, overall G:F (3.0%) and carcass-adjusted G:F (3.6%) were increased (P ≤ 0.04).
For overall performance (d 0 to slaughter), ADG and carcass-adjusted ADG decreased linearly (P ≤ 0.008) as day after withdrawal of ZH increased (Table 2 ). Dry matter intake was not affected (P ≥ 0.16) by day after withdrawal. However, G:F and carcass-adjusted G:F decreased linearly (P ≤ 0.009) as day after withdrawal of ZH increased.
Carcass Merit
There tended (P = 0.09) to be a ZH × day of withdrawal interaction for HCW (Figure 1) . The difference in HCW between ZH and control cattle was 14, 17, 5, and 6 kg on withdrawal d 3, 10, 17, and 24, respectively. No other ZH × day of withdrawal interactions (P ≥ 0.10) were observed for carcass response variables, and therefore main effects of ZH and day after withdrawal of ZH are shown (Table 3) . Hot carcass weight and dressing percentage were increased (P < 0.001) 11 kg and 1.2 percentage units, respectively, when steers were fed ZH. In addition, feeding ZH increased (P < 0.001) LM area by an average of 5.1 cm 2 . In contrast, 12th-rib fat thickness, KPH percent, skeletal, lean, and overall maturity, color score, and condemned liver percentage were not affected (P ≥ 0.25) by feeding ZH. Marbling score tended (P = 0.07) to decrease and calculated yield grade decreased (P = 0.03) when ZH was fed.
As day after withdrawal of ZH increased, HCW, 12th-rib fat thickness, KPH percent, and calculated yield Observed significance levels for orthogonal contrasts: L, Q, C = linear, quadratic, and cubic effects of day of withdrawal from ZH, respectively. Carcass adjusted ADG, calculated using carcass adjusted BW. ZH (Intervet/Schering-Plough, DeSoto, KS) × day of withdrawal interaction (P = 0.04).
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Carcass adjusted G:F, calculated by dividing carcass adjusted ADG by DMI. ZH × day of withdrawal interaction (P = 0.06).
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Carcass adjusted ADG, calculated using carcass adjusted BW. ZH × day of withdrawal interaction (P = 0.01).
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ZH × day of withdrawal interaction (P = 0.007). grade generally increased linearly (P ≤ 0.02; Table 3 ). Skeletal, lean, and overall maturity were also affected (P ≤ 0.006) by day after ZH withdrawal, and a cubic response in color scores was observed (P = 0.02). There was a quadratic response (P = 0.02) in dressing percent due to 10-and 17-d withdrawal steers having 0.7 and 0.5 percentage units greater dressing percent than 3-and 24-d steers. Similarly, marbling score was increased after 10 and 17 d of withdrawal (P = 0.02). Day after ZH withdrawal did not affect (P ≥ 0.12) LM area or condemned livers.
The distribution of quality and yield grades is shown in Table 4 . There was an increased (P = 0.02) percentage of carcasses grading Select based on marbling scores from steers fed ZH. In addition, carcasses from steers fed ZH had a decreased (P = 0.03) percentage grading USDA Choice and tended to have a greater (P = 0.06) percentage grading USDA Select. The percentage of steers grading upper 2/3 Choice followed the quadratic trend in marbling scores and was increased (P = 0.02) for the 10-and 17-d withdrawal steers compared with the 3-and 24-d steers. A linear (P = 0.04) effect and cubic (P = 0.09) trend were observed with the increase in percentage of cattle grading low Choice as day after withdrawal of ZH increased. Similarly, the percentage of cattle grading USDA Choice increased as day after withdrawal of ZH increased (P = 0.006), whereas there was a quadratic increase (P = 0.001) in the number of animals grading Select after the 10-d withdrawal. Few differences in the distribution of yield grades were observed. Zilpaterol hydrochloride increased (P = 0.04) the percentage of calculated yield grade 1.00. The percentage of carcasses with a calculated yield grade of 2.00 to 2.49 decreased linearly (P = 0.01), and the percentage of carcasses with a calculated yield grade of 3.50 to 3.99 and 4.00 increased linearly (P ≤ 0.0.03) as day after withdrawal of ZH increased. Similarly, USDA Yield grade 1 and 2 carcasses generally decreased after 10 d of withdrawal (P = 0.002), and USDA Yield grade 3 carcasses increased linearly (P = 0.02) as day after withdrawal of ZH increased.
Organ Mass
For the subset of 32 steers slaughtered for organ data collection after the 3-d withdrawal period, body component masses were expressed in kilograms and in grams per kilogram of EBW (Table 5) . Final BW and EBW were not different (P ≥ 0.11) for steers fed ZH compared with control steers, but HCW tended to be greater (P = 0.09) for steers fed ZH. However, carcass mass expressed as grams per kilogram of final BW or EBW did not differ between steers fed ZH and controls (P ≥ 0.46). Small intestinal mass (g/kg of EBW) was greater (P = 0.03) for steers fed ZH compared with controls. There were no other differences (P ≥ 0.12) in mass of body components, expressed in kilograms or as a fraction of EBW.
DISCUSSION
The effects of feeding ZH to finishing beef steers has been documented from experiments conducted in Mexico (Avendano-Reyes et al., 2006) and the United States (Vasconcelos et al., 2008; Montgomery et al., 2009a,b Montgomery et al., 2009a) , marginal to no differences in performance have been observed when comparing a 20-d ZH supplementation period with supplementation periods of up to 40 d, and longer days on ZH have resulted in poorer carcass quality. Therefore, a 20-d supplementation period was used in the present experiment.
Final BW in the present experiment was not different for steers supplemented with ZH compared with controls. These data are consistent with that of Vasconcelos et al. (2008) when supplementing ZH in small pens. However, Montgomery et al. (2009b) observed an increase in final BW when ZH was fed for 30 d to cattle in a commercial feedlot. The experiment by Montgomery et al. (2009b) included a factorial arrangement of treatments testing supplementation of ZH with or without monensin and tylosin for 30 d before slaughter. An observed interaction was due to increased final BW of steers fed ZH without monensin and tylosin, whereas ZH did not increase final BW of steers fed monensin and tylosin. Because cross-clearance for combined use of ZH with monenesin and tylosin was not approved at the time of our study and those of Montgomery et al. (2009a,b) and Vasconcelos et al. (2008) , monensin and tylosin were removed from the basal finishing diets of ZH-supplemented and control steers during the ZH feeding period in these experiments. Similar to final BW, supplementation with ZH did not increase ADG calculated from BW during the ZH plus withdrawal periods or over the entire feeding period in the present experiment. This contradicts other published reports in which ADG was increased from 12 (Vasconcelos et al., 2008) to 36% (Avendano-Reyes et al., 2006 , Montgomery et al., 2009a during the supplementation and withdrawal periods. It is important to note that the steers used in the experiment of Avendano-Reyes et al. (2006) were lighter than those commonly fed in the United States, and the greater magnitude in growth may be due to the physiological maturity of those animals. In our experiment, ZH significantly increased ADG (11%) during the supplementation and withdrawal periods and tended to increase ADG over the entire feeding period (2.5%) when calculated using carcass-adjusted final BW, similar to results of Montgomery et al. (2009b) and Vasconcelos et al. (2008) .
Efficiency of BW gain was increased due to ZH, 13% during the ZH plus withdrawal periods and 3% over the entire feeding period. The interaction of ZH × day of withdrawal in G:F over the ZH plus withdrawal periods occurred because the control, 10-d withdrawal steers had greater G:F than the ZH, 10-d steers. This discrepancy is likely related to differences in DMI observed before feeding ZH and not to ZH supplementation. Before feeding ZH, the control, 10-d steers consumed 0.35 kg/d less DM. A compensatory response due to increased DMI during the final 30 d on feed Observed significance levels for orthogonal contrasts: L, Q, C = linear, quadratic, and cubic effects of day of withdrawal from ZH (Intervet/ Schering-Plough, DeSoto, KS), respectively. could inflate G:F during that period. In US trials, G:F is consistently increased due to ZH supplementation. This improvement in efficiency appears to result in part from reduced DMI of cattle fed ZH. Vasconcelos et al. (2008) observed a linear decrease in DMI as length of ZH increased from 20 to 40 d. Similarly, Montgomery et al. (2009a) showed a tendency for decreased DMI when ZH was fed for 20 or 40 d, and Montgomery et al. (2009b) reported decreased DMI when ZH was fed for 30 d with and without monensin and tylosin. In the present experiment, DMI was decreased 0.4 kg/d during the ZH plus withdrawal periods. However, no difference in DMI over the entire feeding period was detected other than the ZH × day of withdrawal interaction that occurred before initiating ZH supplementation. Similar to the present study, Vasconcelos et al. (2008) observed a significant decrease in DMI during the period in which ZH was fed, but did not see a decrease in DMI of ZH steers compared with controls across the entire feeding period. However, a linear decline in DMI was observed as day on ZH increased from 0 to 40. Montgomery et al. (2009b) observed decreased DMI due to ZH during the supplementation and withdrawal periods and across the entire finishing period. However, a significant interaction with monensin and tylosin inclusion was observed during the supplementation period. When monensin and tylosin were included in the finishing ration, ZH decreased DMI more (3.5 vs. 3.2%) than when monensin and tylosin were removed. Collectively, results suggest that a decrease in DMI can be attributed to feeding ZH.
Similar to the present experiment, previous studies have reported increases in HCW, dressing percentage, and LM area in carcasses from cattle fed ZH compared with nonsupplemented controls (Avendano-Reyes et al., 2006; Vasconcelos et al., 2008; Montgomery et al., 2009a,b) . Hot carcass weight was increased 2.9% due to ZH feeding in the present experiment, which is slightly less than the 3.7 to 4.5% increases reported by Montgomery et al. (2009a,b) and Vasconcelos et al. (2008) . Total gastrointestinal tract (GIT) includes the reticulorumen, omasum, abomasum, small intestine, large intestine, and cecum. Total splanchnic tissues (TST) includes the GIT, liver, pancreas, spleen, and omental/mesenteric fat.
Table 5 (Continued). Effects of zilpaterol hydrochloride (ZH) on body component mass of steers
In the present experiment, the difference in magnitude of the response for HCW between ZH and control steers was less after the 17 and 24 d withdrawal than the 3 and 10 d withdrawal, suggesting that the advantage in HCW begins to decrease after a 10-d withdrawal period.
Dressing percentage was increased 1.2 percentage units by feeding ZH. This response is less than that reported by Plascencia et al. (1999) and Avendano-Reyes et al. (2006) when ZH was fed in Mexico, but similar to the data of Vasconcelos et al. (2008) and Montgomery et al. (2009a,b) when ZH was fed to steers typical of the US feedlot industry. The steers fed in the Mexican trial, as well as experiments in South Africa (Casey et al., 1997) , were slaughtered at lighter BW than the US experiments. Vasconcelos et al. (2008) and Montgomery et al. (2009b) observed decreased fat thickness due to feeding ZH, contrary to the present report and that of Montgomery et al. (2009a) . Similar to previous research, we observed a decrease in calculated yield grade in steers fed ZH. However, no difference in the percentage of KPH was observed. Marbling scores tended to be decreased, and there was a shift in USDA Quality grade distribution due to feeding ZH. Control animals were evenly distributed between the Choice and Select grades, but feeding ZH resulted in approximately 13.3% fewer Choice carcasses and tended to increase the percentage of carcasses grading Select. Decreased marbling scores and shifted quality grade distributions are consistent with previous reports in which ZH was fed (Montgomery et al., 2009a,b) . Additional days of ZH feeding also caused a linear decrease in marbling score, linear increase in percentage of Select carcasses, and decreased percentage of carcasses grading Prime (Vasconcelos et al., 2008) . Results from the present experiment support that the increase in carcass weight when ZH is fed is the result of an increase in carcass lean.
Similar to previous reports (Van Koevering et al., 1995) , as day after withdrawal of ZH (i.e., days on feed) increased, final BW and carcass-adjusted final BW increased in the present experiment. In addition, ADG and G:F decreased while DMI increased as days on feed increased. Van Koevering et al. (1995) observed a quadratic increase in ADG as days on feed increased from 105 to 147 with the greatest ADG for cattle fed 119 and 133 d. Van Koevering et al. (1995) also observed a tendency for increased DMI with increased days on feed and a cubic response for G:F. The experiment of Vasconcelos et al. (2008) is consistent with data from the present experiment. Vasconcelos et al. (2008) reported a linear decrease in ADG and G:F as days on feed increased from 136 to 198. However, no trend in DMI was observed. In our experiment, for both the heavy and light blocks, cattle were visually projected so that the control cattle would have approximately 1.27 cm of 12th-rib fat when the 3-d withdrawal cattle were slaughtered. Therefore, cattle were slaughtered at an average of 132, 139, 146, and 153 d on feed, and average 12th-rib fat thickness was 1.24, 1.19, 1.42, and 1.49 cm for the 4 slaughter groups. The linear increase in fat thickness was similar to Van Koevering et al. (1995) who also observed increased fat thickness as days on feed increased from 105 to 147. However, the greatest fat thickness observed in their experiment was 1.17 cm. Vasconcelos et al. (2008) reported a linear increase in 12th-rib fat thickness with increased days on feed. Therefore, inconsistencies in live and carcass performance between the 2 experiments may be due more to differences in animal maturity, percentage of body fat, and ranges of days between slaughter groups than actual days on feed. Similar to BW and 12th-rib fat thickness, increased days on feed increased HCW, calculated YG, and USDA YG. In the present experiment, a quadratic increase in dressing percentage was observed with the greatest dressing percentage occurring after 10 and 17 d of withdrawal. Van Koevering et al. (1995) did not observe increased dressing percentage; however, this is contrary to other published reports (May et al., 1992; Winterholler et al., 2007; Vasconcelos et al., 2008) . The inconsistent response in marbling scores with increased days on feed could be due to the smaller difference in days on feed at slaughter dates in the present experiment. As a result, quadratic and not linear trends were observed in the distribution of quality grades.
The lack of significant interactions in most performance variables and carcass characteristics indicate that the advantages in performance due to feeding ZH are maintained when withdrawal of ZH is extended for at least 10 d. Literature investigating the withdrawal of β-AA is limited. Barash et al. (1994) observed a severe decrease in ADG after cimaterol was withdrawn from the diet of growing dairy heifers. The efficiency of ME utilization and CP intake were 50% less than controls during the withdrawal period. In addition, measured heart girth gain was retarded during withdrawal such that an advantage in body growth during the supplementation period of 6 cm was reversed to an 8-cm disadvantage at 30 d of withdrawal. In an experiment with finishing lambs, Hanrahan et al. (1987) fed cimaterol (0 vs. 2 mg/kg) for 49 d followed by withdrawal periods of 0, 7, 14, 21, or 28 d. After withdrawal, ADG was dramatically less in the cimaterol-fed lambs than controls when measured in wk 1, 2, and 3, whereas DMI did not differ during withdrawal among β-AA groups. Similar to the present experiment, measures of carcass fat were significantly less in the cimaterol-supplemented lambs than controls. Hanrahan et al. (1987) observed significantly less fat measured as subcutaneous fat, internal fat, and by chemical composition of the carcass in cimaterol lambs with 0 to 21 d withdrawal. However, by d 28 of withdrawal, a compensatory deposition of fat was apparent by all measures. In a previously published experiment investigating the withdrawal of ZH from the diets of finishing cattle, Casey et al. (1997) observed no effects on HCW or dressing percentage initially or after withdrawal times of 7 and 14 d. In the present experiment, the only ZH × day of withdrawal was the tendency for the advantage in HCW for steers fed ZH to decrease as day of withdrawal increased.
In the data submitted to FDA for approval of ZH (FDA, 2006) , the feeding rate (8.3 mg/kg) was determined to be the optimal inclusion rate. When fed to steers, 14 C-zilpaterol concentrations in edible tissues reached a steady state after 12 d of feeding (approximately 300 ng/g in liver and 25 ng/g in muscle). Tissue depletion studies indicated that mean residues in muscle and liver were depleted to below the least detectable limit of 3 and 1 ng/g by 48 and 96 h, respectively. Casey et al. (1999) reported similarly small residues of 0.27 and 0.17 ng/g in LM after 7 and 14 d withdrawal. The minimum concentration of ZH, or its metabolic products, in liver and muscle tissues to elicit a positive growth response is unclear, but continued action of ZH after withdrawal periods greater than 3 d is unlikely. β-Adrenergic agonists act by initiating intracellular signaling after binding to β-adrenergic receptors (Mersmann, 1998) . However, ZH decreased the expression of β-adrenergic receptor mRNA in cultured bovine satellite cells, indicating that tissues could become desensitized to prolonged exposure to ZH (Sissom et al., 2007) .
It is interesting to note that in most experiments, the increase in HCW due to feeding ZH is greater than the increase in BW. Montgomery et al. (2009b) hypothesized that the differences in HCW and dressing percentage observed in cattle fed ZH could be due to a shift in mass from noncarcass to carcass tissues, more substrate repartitioning in carcass vs. noncarcass tissues, or the decreased DMI of ZH cattle resulting in decreased gut fill. In the present experiment, DMI was less for steers fed ZH, but the lack of a significant ZH × day of withdrawal on DMI during the ZH plus withdrawal period suggests that an equalizing of DMI as day of withdrawal increased did not cause the differences in dressing percent. The data of Hanrahan et al. (1987) suggest that the repartitioning effects due to β-AA are not restricted to carcass tissues because internal fat was significantly less in lambs fed cimaterol than controls. In addition, Sharma et al. (1997) measured organ mass in mice fed clenbuterol and observed an 8% decrease in liver mass and a 60% decrease in epididymal fat pad mass. Similarly, swine fed salbutamol had decreased masses of liver, kidney, and leaf fat compared with controls (Hansen et al., 1994) . In the subset of cattle used for intensive sampling in the present experiment, HCW was increased but total offal mass was not affected by feeding ZH. Our data do not support the hypothesis that increased carcass mass and lean yield in cattle fed ZH are due to a mobilization of substrate from or decrease in mass of visceral or peripheral organs. Instead, body store mobilization appeared to be restricted entirely to carcass tissues, or the increase in muscle mass was due to a shift toward more favorable deposition of consumed nutrients in muscle tissue. Leheska et al. (2009) measured increased protein in carcass soft tissues, but decreases in fat were not significant. When measuring carcass cutability from animals selected from the present experiment, Shook et al. (2009) reported increased wholesale carcass lean, but no differences in trim, kidney knob fat, or trim fat were noted. Chemical measures of carcass composition were not measured in the present experiment. It is interesting to note that the mass of the small intestine was increased (g/kg of EBW) in steers fed ZH. An increase in surface area for nutrient absorption could potentially translate to increased nutrient flux in support of lean deposition. More research should be conducted relative to net nutrient flux and nutrient requirements of cattle fed β-AA.
In summary, similar to previous published reports, ZH fed to beef steers for 20 d at the end of the feeding period resulted in increased HCW, dressing percentage, LM area, and measures of carcass lean. Average daily gain was not affected, but decreased DMI caused steers fed ZH to gain BW more efficiently. The lack of interactions of ZH × withdrawal day indicate the positive results of increased HCW and dressing percentage are maintained as withdrawal days are extended from
